The mechanisms underlying the chronic neurodegeneration that occurs in Parkinson's disease (PD) are unknown. One emerging hypothesis is that neural systems deteriorate and eventually degenerate due to a primary failure of either extrinsic neurotrophic support or the intrinsic cellular pathways that mediate such support. One of the cellular pathways that have been often identified in mediating neurotrophic effects is that of PI3K/Akt signaling. In addition, recent observations have suggested a primary failure of PI3K/Akt signaling in animal models and in PD patients. Therefore, to explore the possible role of endogenous Akt signaling in maintaining the viability and functionality of substantia nigra (SN) dopamine neurons, one of the principal systems affected in PD, we have used an adeno-associated viral vector to transduce them with a dominant negative (DN) form of Akt, the pleckstrin homology (PH) domain alone (DN(PH)-Akt). In addition, we have examined the effect of DN(PH)-Akt in murine models of two risk factors for human PD: advanced age and increased expression of α-synuclein. We find that transduction of these neurons in normal adult mice has no effect on any aspect of their morphology at 4 or 7 weeks. However, in both aged mice and in transgenic mice with increased expression of human α-synuclein we observe decreased phenotypic expression of the catecholamine synthetic enzyme tyrosine hydroxylase (TH) in dopaminergic axons and terminals in the striatum. In aged transgenic α-synuclein over-expressing mice this reduction was 2-fold as great. We conclude that the two principal risk factors for human PD, advanced age and increased expression of α-synuclein, reveal a dependence of dopaminergic neurons on endogenous Akt signaling for maintenance of axonal phenotype.
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Introduction
Although there presently exist many effective therapies to relieve the motor symptoms of Parkinson's disease (PD), its underlying pathogenesis remains unknown. This lack of knowledge is an impediment to the development of therapies that would hopefully forestall not only the progression of motor impairments, but also the numerous and disabling non-motor manifestations of the disease. Many important and promising hypotheses for the underlying pathogenesis of PD have been put forward, and they are not mutually exclusive (Lin and Beal, 2006; Schnabel, 2010) . One concept has been that the neurodegeneration that is characteristic of the disease at some point in its course involves the abnormal, uncontrolled activation of programmed cell death pathways (reviewed in Burke, 2008) . While the precise role that these pathways may play in the disease remains yet unknown, the fundamental concept that neuron death may be due to activation of intrinsic cellular mechanisms has given rise to other closely related hypotheses. One related concept has proposed that rather than neuron death being due primarily to an activation of cell death pathways, it may instead be due to a primary failure of the molecular pathways that are essential for survival, such that neuron death occurs by default.
This hypothesis, that of failure of survival signaling, has been given some support by observations made in rodents in which critical survival-mediating genes for dopamine neurons have been deleted. Pascual et al. (2008) have shown that deletion of glial cell line-derived neurotrophic factor (GDNF) in adult mice results in a delayed and progressive degeneration of dopamine neurons. Similarly, Kramer et al. (2007) have shown that selective deletion of the Ret tyrosine kinase, which mediates GDNF signaling, in dopamine neurons leads to a late-onset adult neurodegeneration. Genetic deletion of the
